The development of resistance of outbred white mice to two plaque size variants of Sindbis virus was studied as a function of host age. A sudden drop in mortality occurred over a 3-day period. As little as 1 plaque-forming unit (PFU) per mouse was lethal in 1-day-old animals, whereas inocula of 109 PFU per mouse failed to produce high mortality in weanlings. A comparison of viral growth kinetics shows that early replication was similar in newborns and weanlings but that after 6 to 8 hr the production rate and, therefore, the maximal viral titer were suppressed in weanlings. The data demonstrate a lethal viral threshold. Titers in excess of this level lead to mortality, whereas those below it allow survival.
During the short span of time in which a mouse develops from neonate to weanling, the physiological changes accompanying maturation decrease susceptibility to primary viral infections. Early studies reviewed by Sigel (16) have documented an age-associated increase in resistance with a number of viruses. More recently, the defenses of the immature host have been studied with Sendai virus (15) , variola virus (10) , coxsackie virus Bi (7) , and poxvirus (17) . The complexity of the mammalian host has led to many possible explanations of this phenomenon. In- creased interferon content in the tissues of older mice has been implicated in resistance to some infections (7, 9) . Other investigators either have found interferon content to be essentially the same in mice of different ages (17) or have reported lower interferon levels in the older host (18) . Host resistance to viral infection has also been shown to depend on sensitivity to interferon, and genetic control of this factor has been established (6) . In addition, different resistance patterns for a given virus have been thought variously to reflect the developing immune response (2, 13) , the decreased availability of cellular receptor sites (B. Postic, Ph.D. Thesis, Univ. of Pittsburgh, 1965) , an alteration in the capability of susceptible tissues to withstand viral invasion (17) , or changes in efficiency of the reticuloendothelial system (12) . The Mice were inoculated intracerebrally (ic) without anaesthesia or intravenously (iv) into the basal tail vein by using 0.05 ml of the appropriate viral dilution in Hanks balanced salts (5) containing 1% newborn calf serum (HBSC). Animals were weighed at the start of each experiment and every week thereafter.
Mortality was recorded daily.
Virus titrations. All visible brain tissue, with the exception of the olfactory tract and optic chiasma, was removed aseptically from decapitated mice. The tissue was homogenized with a mortar and pestle with the addition of fine glass beads. Blood samples were collected and refrigerated for 24 hr, at which time clots RESISTANCE TO SINDBIS VIRUS INFECTION were removed by centrifugation and the serum samples were stored. With modified Eagle's medium (3) containing Hanks base (5), 500,000 units of penicillin per liter, and 0.25 g of streptomycin per liter, 10% (w/v) or 10% (v/v) suspensions of organs or serum were prepared, centrifuged at low speed to remove cellular debris, and frozen at -70 C until titration. Organ and serum suspensions were titrated on chick embryo fibroblast monolayers. The overlay medium employed was modified Eagle's containing Hanks base, supplemented with 3% newborn calf serum, and 1% Colab lonagar. Plaques were counted by staining with 2% neutral red after 48 hr of incubation at 37 C in a 5% CO2 atmosphere.
A study compared the values obtained with individually assayed animals with assays of pooled mouse brains after inoculation of equal amounts of virus. Twenty mice were inoculated ic with 104 plaqueforming units (PFU) of LP, and each brain was harvested separately after 24 hr. Each brain was homogenized and the sample was divided; part of the sample was titrated for each individual mouse, and a part of the sample in proportion to the weight of the individual brain was Fig. 3, 1 -day-old animals inoculated with 105 PFU per mouse (106 PFU per g of brain) showed a titer 50 times greater than 22-day-old animals inoculated with 5 X 108 PFU per mouse (109 PFU per g of brain), although the newborns were infected with a 1,000-fold lower level of virus.
Titers were also determined for 15-day-old animals, the age at which resistance develops to the LP variant. The values for all three levels of inoculum in 15-day-old mice were intermediate between newborn and weanling animals.
Interferon production. After ic inoculation of 1-, 15-, and 22-day-old animals with 105, 107, or 5 x 108 PFU of LP per mouse, brain tissue was recovered, and interferon content was measured by a plaque reduction assay. Weanling animals produced only low levels of interferon in brain tissue, whereas substantially higher levels were obtained from the brain tissue of newborns after inoculation of 105 PFU per mouse (Fig. 4) . Similar interferon titers were obtained from animals of the same ages inoculated with 107 and 5 x 108 PFU per mouse.
Production of antibody by weanlings. Mice were inoculated iv or ic with 104 PFU of LP or SP per mouse, and the sera were tested for HI antibody at various times after inoculation. The titers obtained are summarized in Table 3 . These data show that weanlings inoculated ic with 104 (Fig. 1) . The calculations of PFU recovered per whole mouse brain demonstrate that the increasing size of the mouse with age does not account for the decreased final yield after inoculation of equal amounts of virus to all animals. It is possible that the viral inoculum may be more effectively cleared by the reticuloendothelial system in weanlings, since phagocytosis by polymorphonuclear leukocytes has been demonstrated to increase with increasing age of the host (11) . By reducing the viral challenge to the brain in older animals, the reticuloendothelial system may effectively restrict the final titer. Although this phenomenon has not been quantitated, it is suggested by observations of early viral replication in the brain of newborns and weanlings (Fig. 3) .
The studies which compare the rates of viral replication in the brains of newborns and weanlings (Fig. 2) show that after 3 hr postinfection increases in titer are parallel. After 8 hr, however, the rate slows in weanlings. These data suggest that the factor(s) limiting viral replication and influencing eventual survival is manifested very soon after infection.
Since the alteration of replication pattern is observed by 8 hr after infection, an early host defense mechanism such as interferon would be suggested as one responsible factor. However, measurement of interferon production both as a function of age and inoculum level does not support this suggestion. During the span of time after infection in which viral replication is significant, only minimal levels of interferon were detected in weanlings after ic inoculation of 105, 107, or 5 X 108 PFU. Conversely, the newborn animals which succumbed to infection produced high titers of interferon in the brain by 24 to 36 hr. Similar results have been reported by Vilcek (18) and suggest that interferon production is not responsible for diminished viral replication in weanlings but may be a host response to the higher viral titers in the newborn mouse brain. Further, Hanson (personal communication) has noted that these two plaque variants are equally sensitive to interferon and induce similar levels in mouse embryo fibroblast cultures. Differing interferon sensitivities cannot, therefore, be invoked to explain the different host ages at which resistance to these plaque variants develops.
Use of the standard in vitro HI tests to determine the presence of antibody to Sindbis virus shows that its appearance is too late to affect early viral replication. It is possible that an immune response of the host may suppress viral replication but simply may not be measurable by the HI method. Studies to be reported later use the ability to differentiate LP and SP variants in vivo as a device to measure early responses of neutralizing antibody based on the cross-neutralization observed between the variants.
Our data indicate that viral replication is diminished in resistant weanling animals very soon after infection and before a lethal threshold level is attained. Interferon production is much lower in weanlings than in newborn animals and probably is not available to depress viral synthesis in the brain. Antibody production is not measurable, at least by in vitro methods, at the significant times during the infection. It is possible, however, that an in vivo neutralization test may be a more sensitive measure of protection afforded by early antibody. In addition, viral clearance rates must be determined for susceptible and resistant hosts as a function of age.
